we observed animals with some touch neuron expression. We attribute this unexpected fluorescence to the the CFP mutation V163A) can be used generally with various forms of NZ fluorescent protein fusions. Fluoresproduction of recombined arrays in which the mec-3 promoter drove both parts of recGFP. This unexpected cence from recGFP was seen with both the Chroma YFP and CFP filter sets, whereas recYFP and recCFP were expression was reduced when lower amounts of the construct with the mec-3 promoter were used or when detected only with the appropriate filter set. The reconstituted fluorescent protein from NZGFP and CZCFP animals with each part of recGFP were made separately and then mated together. Two strains generated through (recG/CFP) was detected with both filter sets (although stronger with the YFP filter set). In contrast, the reconstisuch mating had only FLP fluorescence.) tuted fluorescent protein from NZYFP and CZCFP (recY/ CFP) was easily detected with the YFP filter set but Monitoring Changes in Gene hardly detectable with the CFP filter set. This last combiExpression with recGFP nation gave the most intense fluorescence of any of The ability of recGFP to visualize coexpression can also the combinations we tested (Figure 3) . We also tested be used to demonstrate changes in gene expression. NZCFP and NZGFP with CZYFP, but they resulted in Because recGFP requires the combinatorial expresseveral unc-4-expressing cells outside of the ventral cord (specifically, the SAB neurons and a cell we have sion of two promoters (it acts as an "and" gate), it can overcome the limitation that GFP expression is depententatively identified as PDA) expressed acr-5 even in wild-type animals. Interestingly, the intensity of fluoresdent on available regulatory elements. To demonstrate the additional restriction possible with recGFP, we gencence in these cells was brighter in the mutants than in ) and the cat-1 P sto-6 gfp is expressed in many of the motor neurons of the ventral cord ( Figure 6A ). To discover which neurons gene, which is needed for the late larval expression of serotonin (Desai et al., 1988) . HSN fluorescence was expressed sto-6, we used promoters that were known to be expressed in different classes of motor neurons weak and rarely seen when recGFP was generated from these promoters (data not shown). Additionally, fewer in the ventral cord. We obtained recGFP fluorescence from P sto-6 czgfp when NZGFP was generated from the cells than expected in adults fluoresced with P sto-6 czgfp and P unc-4 nzgfp ( Figure 6B ). Apparently, this expression unc-4 and acr-5 promoters, but not when it was generated from the unc-47 promoter (Figures 6B-6D ). These was limited by the expression from the unc-4 promoter. More cells were seen with this combination, however, results indicate that sto-6 is expressed in the ventral cord in the excitatory motor neurons (the VA, DA, and than with P unc-4 czgfp and P unc-4 nzgfp ( Figure 2D ), presum- Fire vector pPD95.77 and have artificial introns. Animals were cultured at 20ЊC as described (Brenner, 1974 ) unless otherwise indicated. Wild-type (N2) and the unc-4(e120) and unc-37(e262) mutants have been described (Brenner, 1974 . In cases of nondirectional cloning, the correct orientation was verified by restriction digests. coding sequences of NZGFP and CZGFP were amplified by PCR with primers that introduced 5Ј BamHI and 3Ј EcoRI sites (these The entire genomic coding sequence of synaptic marker, snb-1, was amplified from pMN100.2 (a gift from Mike Nonet) and a BamHI and the other primers used in this study are given in Supplemental  Table S1 at http://www.cell.com/cgi/content/full/119/1/137/DC1/; site was added before its start codon and stop codon. This fragment was cloned into the P sto-6 czgfp construct at the BamHI site such that the resulting plasmids are given in Table 1 ). The resulting PCR products were cut with BamHI and EcoRI and cloned into Fire promotersnb-1 was downstream of the sto-6 promoter and in-frame with czgfp. The orientation and sequence of the snb-1 coding region less GFP plasmid pPD95.77 (all the Fire vectors used in these studies are described at www.ciwemb.edu/pages/firelab.html). This procewere verified. The sequence containing three tandem repeats of the SV40 nuclear localization signal (3Xnls) was amplified from Fire dure essentially replaced the original coding region of GFP in pPD95.77 with nzgfp or czgfp. pPD95.77 has artificial introns in the vector pPD136.15 using primers that introduced 5Ј BamHI and 3Ј NheI sites. The amplified BamHI-NheI fragment was cloned into 5Ј UTR, the GFP coding sequence, and the 3Ј UTR that appear to stimulate GFP expression (S. Xu, G. Seydoux, and A. Fire, personal P sto-6 czgfp such that the 3Xnls sequence was in-frame with the downstream czgfp sequence. The sequence of this localization signal communication). All our constructs contain the 3Ј UTR intron; addition of other introns to nzgfp and czgfp did not significantly improve was verified. Transgenic animals were generated by microinjection using the recGFP fluorescence. For Figure 3 , we used constructs with all of the Fire introns. The GFP sequence used for these constructs (from pRF4 dominant roller plasmid (50 g/ml) as a transformation marker (Mello et al., 1991). Expression plasmids were used at 50 g/ml if pPD95.77) has the S65C and Q80R mutations but none of the other changes found in the Ghosh et al. constructs.
injected alone or 25 g/ml if two were injected. At least three stable lines were obtained for each genotype. All lines produced animals We made partial YFP and CFP polypeptide-encoding plasmids by first replacing the GFP coding sequence in pPD95.77 with YFP with similar fluorescence. When we examined recGFP expression from the egl-44 and mec-3 promoters, we used 5 g/ml of the coding sequence from pPD133.58 or CFP coding sequence from pPD133.51 using the fluorescent protein-coding AgeI-EagI frag-P mec-3 nzgfp and 45 g/ml of the P egl-44 czgfp because higher concentrations of P mec-3 nzgfp resulted in occasional fluorescence in touch ment. We then made megaprimers (Brons-Poulsen et al., 1998) by amplifying the linker and zipper encoding regions of nzgfp and czgfp receptor neurons. When mating strains were generated, the one with P mec-3 nzgfp was made with the P ceh-22 cfp (Okkema and Fire, 1994) and used the Quikchange mutagenesis kit (Stratagene, La Jolla, California) to add them to pPD95.77. The primers were constructed as an injection marker instead of pRF4. so that amplification of pPD95.77 simultaneously deleted the unwanted fluorescent protein coding sequence and maintained the Stability of recGFP An integrated line carrying P unc-4 gfp was generated with ␥ ray irradiapresence of all the artificial introns. These constructs produce YFP containing the same mutations (S65G, V68L, S72A, and T203Y) 
